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Contract  No. NASW-1301 
SUMMARY 
Thirty-one new g l a s s  batches were devised i n  t h i s  pe r iod  inc reas ing  t h e  
t o t a l  number of experimental  g l a s s  varieties s t u d i e d  t o  181. 
s i t i o n s  may be p laced  i n t o  t h r e e  groups, a fou r  component system i n  which t h e  
mol r a t i o  of magnesia t o  alumina has been increased  t o  6 and which inc ludes  
s i l i c a  and a r a r e  e a r t h ,  o l d e r  g l a s s e s  which could not  p rev ious ly  be success-  
f u l l y  f i b e r i z e d  because of t o o  g r e a t  sur face  t e n s i o n  where an at tempt  w a s  made 
t o  a d j u s t  t h e i r  su r f ace  t e n s i o n  by vanadia a d d i t i o n s ,  and o l d e r  g l a s s e s  pre-  
v ious ly  melted wi th  high p u r i t y  rare e a r t h  chemicals which i n  t h i s  q u a r t e r  were 
prepared wi th  inexpensive low p u r i t y  r a r e  e a r t h  conglomerates s u b s t i t u t e d .  
These new compo- 
From t h e  181 g l a s s  compositions s tud ied  t o  d a t e  for ty- four  v a r i e t i e s  of 
g l a s s  f i b e r s  have been success fu l ly  prepared and many a d d i t i o n a l  t e s t  d a t a  f o r  
t h e s e  g l a s s  f i b e r s  a r e  included i n  t h i s  r e p o r t .  These d a t a  cont inue t o  v e r i f y  
t h e  conclus ion  t h a t  s e v e r a l  of t h e  UARL g l a s s e s  have va lues  f o r  t h e  r a t i o  of 
Young's modulus t o  dens i ty  comparable t o  any g l a s s  now a v a i l a b l e  commercially 
even thoizgh t h e  U,4F,L g l a s s e s  are made from non-toxic m a t e r i a l s .  The d a t a  a l s o  
i n d i c a t e  t h a t  a f te r  s to rage  f o r  a month i n  a t y p i c a l  l abo ra to ry  atmosphere, t h e  
UARL g l a s s  f i b e r s  r e t a i n  h igher  s t r eng th  va lues  than  do g l a s s e s  prepared from 
compet i t ive  p a t e n t  p r e s c r i p t i o n s .  
INTRODUCTION 
T h i s  r e p o r t  i s  t h e  e igh th  q u a r t e r l y  s t a t u s  r e p o r t  f o r  Contract  NASW-1301 
e n t i t l e d  " I n v e s t i g a t i o n  of t h e  Kine t ics  of C r y s t a l l i z a t i o n  of Molten Binary 
and Ternary Oxide Systems''. 
June 1, 1967 and ended August 31, 1967 and forms t h e  f i r s t  q u a r t e r  of t h e  
second ex tens ion  t o  t h e  c o n t r a c t .  
t o  ga in  a b e t t e r  understanding of t h e  e s s e n t i a l s  of g l a s s  formation by measuring 
t h e  r a t e  a t  which' c r y s t a l l i z a t i o n  occurs and t h e  e f f e c t  of an t i -nuc lea t ing  agents  
on t h e  observed c r y s t a l l i z a t i o n  r a t e  fo r  systems which t end  t o  form complex 
t h r e e  dimensional s t r u c t u r e s .  Determination of t h e  c r y s t a l l i z a t i o n  r a t e  i s  
c a r r i e d  out  by cont inuously measuring the  v i s c o s i t y  and e l e c t r i c a l  conduc t iv i ty  
This  e ighth  q u a r t e r  of  t h e  c o n t r a c t  s t a r t e d  
The primary o b j e c t i v e  of t h i s  program i s  
I 
1 
1 
1 
I 
I 
I 
I 
I 
I 
1 
1 
I 
I 
I 
i 
I 
I 
I 
of t h e  molten system as a func t ion  of  t i m e  and temperature  wi th  checks of  
s u r f a c e  t e n s i o n  a t  s e l e c t e d  temperatures .  Glass formation i s  g r e a t l y  increased  
by employing cool ing  rates high enough t o  d e f e a t  t h e  formation of t h e  complex 
many-atom three-d imens iona l  molecule. This view of g l a s s  formation j u s t i f i e s  
t h e  cons ide ra t ion  of ox ide  systems previous ly  thought  imprac t i ca l  and al lows 
t h e  s e a r c h  f o r  systems which may y i e l d  high s t r e n g t h ,  high modulus g l a s s  f i b e r s  
t o  be c a r r i e d  out  on an unusual ly  broad b a s i s .  
SELECTION AND PREPARATION OF NEW GLASS SYSTEMS FOR EVALUATION 
The th i r ty -one  new g l a s s  compositions devised ,  mixed and melted i n  t h i s  
t h r e e  month pe r iod  included t h r e e  d i s t i n c t  groups of g l a s s  ba tches  as w e l l  as 
some miscel laneous compositions.  Eight of t h e  ba tches  were fou r  component 
systems, i . e .  s i l i c a ,  r a r e -ea r th ,  alumina, and magnesia l i k e  many of t h e  
compositions p rev ious ly  s tud ied  bu t  having an unusual ly  h igh  magnesia t o  alumina 
molar r a t i o  of  s i x  t o  one o r  h igher .  This unusual r a t i o  w a s  s e l e c t e d  on t h e  
basis of t h e  UARL g l a s s  having t h e  h ighes t  modulus t o  d e n s i t y  r a t i o  when eval-  
ua t ed  by son ic  t e s t  methods. Four a d d i t i o n a l  g l a s s e s  of t h i s  t ype  were formulated 
us ing  an inexpensive r a re -ea r th  oxa la t e  of low p u r i t y  ( c f .  t a b l e  below) i n  p l ace  
of t h e  more expensive h igh  p u r i t y  (99.9%) cerous oxa la t e  p rev ious ly  employed i n  
s e v e r a l  o f  our  experimental  g l a s s  compositions. 
pe r  pound i n  p l ace  of $4.12 a pound. 
Comparative p r i c e s  are $1.95 
Table I 
Approximate Composition of t h e  Rare Ear th  Oxide S u b s t i t u t e  
w t %  w t %  
Lanthanum oxide 24 Sm2O3 Samarium oxide 3 
Cerium oxide 48 Gd203 Gadolinium oxide 2 
Praseodymium oxide 5 Y203 Y t t r i u m  oxide . 0.2 
La203 
Ce02 
Pr6011 
Nd203 Neodymium oxide 
S ince  lanthanum o x a l a t e ,  samarium o x a l a t e ,  and y t t r i u m  o x a l a t e  have a l s o  been 
17 Other rare e a r t h  oxides  0.8 
used s u c c e s s f u l l y  i n  compounding our e a r l i e r  experimental  g l a s s e s ,  t h e  ch ie f  
element o f  u n c e r t a i n t y  i n  employing t h i s  inexpensive s u b s t i t u t e  i s  t h e  presence 
of  t h e  praseodymium and neodymium oxides.  
The t h i r d  group of g l a s s e s  included s i x t e e n  o l d e r  g l a s s  compositions t o  
which vanadium pentoxide i n  amounts from t h r e e  t o  n ine  mol percent  w a s  added i n  
an e f f o r t  t o  decrease  t h e  sur face  tens ion  of t h e s e  formula t ions  s u f f i c i e n t l y  t o  
a l low t h e  success fu l  mechanical drawing of f i b e r s  wi th  t h e  s imple equipment used 
a t  UARL and descr ibed  i n  our  l a s t  qua r t e r ly  r e p o r t .  
2 
All t h i r ty -one  experimental  g l a s ses  were prepared i n  t h e  usua l  500 gram 
ba tches  us ing  high p u r i t y  (99.9%) alumina c r u c i b l e s  i n  a i r  i n  t h e  UARL Super- 
Kanthal h a i r p i n  element k i l n s .  A s  usual t h e  ing red ien t s  f o r  t h e s e  baLches were 
completely mixed dry  by tumbling and p e l l e t i z e d  t o  f a c i l i t a t e  handl ing.  
f i n i n g  agents  were added t o  t h e  ba tches  s i n c e  t h e  use  of  a t  l e a s t  one c o n s t i t u e n t  
as e i t h e r  t h e  o x a l a t e  o r  carbonate  has proven s u f f i c i e n t  i n  gene ra l  t o  y i e l d  
water-white o p t i c a l  g l a s s  f r e e  of seed and bubbles when t h e  mix i s  he ld  a t  a 
tempera ture  of 1 5 4 O O C  o r  h igher  f o r  a per iod  of two hours.  
materials used i n  t h i s  pe r iod  e l imina ted  any o p t i c a l  examination of the  g l a s s  
No 
The h igh ly  t i n c t o r i a l  
ob ta ined  b u t  it i s  presumed t h a t  t hey  
cus tomar i ly  obta ined .  
CHARACTERIZATION OF 
EXPERIMENTAL 
a i d ,  not  i n t e r f e r e ,  wi th  t h e  f i n i n g  a c t i o n  
GLASS FIBERS PRODUCED FROM 
GLASS COMPOSITIONS 
Results on many of t h e  experimental  g l a s s  f i b e r s  s e n t  t o  Lowell I n s t i t u t e  
of  Technology f o r  eva lua t ion  became available i n  th i s  pe r iod .  
are completely summarized i n  Table I1 and are compared t o  va lues  f o r  t h e  e l a s t i c  
moduli o f  t h e  same g l a s s e s  as determined by sonic  t e s t i n g .  The specimens measured 
at Lowell I n s t i t u t e  of  Technology were t e s t e d  f o r  modulus us ing  an  I n s t r o n  CRE 
t e s t e r  opera ted  wi th  a machine speed of 0 .2  inches per  minute,  a c h a r t  speed of  
20 inches pe r  minute,  a gage l eng th  of  5 i nches ,  and a f u l l  s c a l e  capac i ty  of 
1 . 0  pounds. 
These resul ts  
A i r  a c tua t ed  clamps were used wi th  f l a t  rubber  coa ted  f aces .  
Twenty specimens were taken  from approximately t h e  c e n t e r  p o r t i o n  of  each 
spool. The specimens were e i g h t  inches long ,  wi th  about one ya rd  of  f i b e r  be ing  
d i sca rded  between each specimen. It was no t  always p o s s i b l e  t o  s e l e c t  f i b e r s  i n  
e x a c t l y  t h i s  manner because many of t h e  spools  had discont inuous odd l eng ths  of 
f i b e r ,  bu t  i n  g e n e r a l ,  t h e  specimens s e l e c t e d  r ep resen t  t h e  middle 20 yards  of 
f i b e r  r ece ived  f o r  t e s t i n g .  
Three f i b e r  diameter  measurements were made i n  t h e  middle three- inch  
p o r t i o n  of each eight- inch specimen. 
microscope equipped wi th  an eye p i e c e  r e t i c u l e  and opera ted  wi th  a magn i f i ca t ion  
of  774 (18 x eye p i e c e ,  43 x o b j e c t i v e ) .  
0.092 mils. 
Measurements were made us ing  a monocular 
Each r e t i c u l e  d i v i s i o n  w a s  equa l  t o  
The average of t h e  twenty determinat ions for each f i b e r  i s  shown i n  Table I1 
t o g e t h e r  w i th  t h e  m a x i m u m  and minimum value of modulus. S t a t i s t i c a l  examination 
of t h e  d a t a  f o r  samples 83 and 126 i s  shown i n  Table 111. 
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Table I11 
S t a t i s t i c a l  Resu l t s  
83 
Mean x (1st twenty samples) 
S tandard  e r r o r ,  Sz 0.44 
L i m i t s  f o r  expected mean a t  
15.8 
Standard d e v i a t i o n ,  S 1 - 9 5  
99% p r o b a b i l i t y  14.5-17.1 
95% p r o b a b i l i t y  14.9-16.7 
Mean Z ( twenty a d d i t i o n a l  r u n s )  14 .3  
Sample 
126 
16 .4  
1.82 
0.41 
15.2-17.6 
15.5-17.3 
15.9 
A s  may be  seen i n  Table I1 t h e  sonic  and s t r e s s - s t r a i n  methods of measuring 
This  i s  t r u e  not  only f o r  t h i s  e l a s t i c  moduli f a i l  t o  y i e l d  concordant r e s u l t s .  
l a b o r a t o r y  b u t  a l s o  i n  gene ra l  f o r  a l l  o the r  l a b o r a t o r i e s  who have used both 
methods and i s  be l i eved  t o  be due t o  t h e  f a c t  t h a t  t h e  sonic  method more n e a r l y  
measures an ins tan taneous  va lue  of  t h e  modulus than  does t h e  s t r e s s - s t r a i n  
machine t y p e  of t e s t i n g .  Many a p p l i c a t i o n s  envls ioned f o r  t h e  UARL g l a s s  f i b e r  
a r e  dependent on t h e  long-term p r o p e r t i e s  of t h e  f iber  which may be more c l o s e l y  
c o r r e l a t e d  wi th  t h e  mechanical t e s t  and t h i s  method i s  t h e r e f o r e  s e l e c t e d  as 
p r e f e r a b l e  f o r  modulus eva lua t ion .  Both sets of  d a t a  show t h a t  s e v e r a l  of t h e  
UARL g l a s s  compositions y i e l d  values  f o r  Young's modulus supe r io r  t o  t h e  two 
c h i e f  experimental  compet i t ive g l a s s e s  when a l l  g l a s s e s  t o  be t e s t e d  a r e  prepared ,  
mel ted ,  f i b e r i z e d ,  and t e s t e d  i n  i d e n t i c a l  procedures a t  UARL f o r  d i r e c t  compara- 
t i v e  eva lua t ion .  
The appara tus  for measuring t h e  s t r e n g t h  of t h e  UARL g l a s s e s  when f r e s h l y  
prepared and i n  an i n e r t  atmosphere i s  not y e t  ope ra t ive .  But s t r e n g t h  evalua- 
t i o n s  made af ter  t h e  g l a s s  f i b e r s  have been wound on t h e  spool  without  l u b r i c a n t  
or s u r f a c e  t r ea tmen t  of any s o r t  and s t o r e d  i n  a t y p i c a l  l abo ra to ry  atmosphere 
f o r  f i v e  t o  s i x  weeks show t h a t  s e v e r a l  of t h e  UARL g l a s s e s  r e t a i n  h igher  
s t r e n g t h  va lues  than  do t h e  two competi t ive g l a s s e s  t e s t e d  under i d e n t i c a l  con- 
d i t i o n s .  Table I V  shows t h e  average r e s u l t  of twenty breaking s t r e n g t h  de t e r -  
minat ions f o r  s e v e r a l  g l a s s e s .  
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Table I V  
Breaking S t r eng th  A f t e r  F ive  t o  S i x  Weeks Storage  
i n  a Typica l  Laboratory Atmosphere 
Sample 
62-3 
72-4 
73 
82-2" 
83"" 
126 
127 
129-2 
4 Breaking S t r eng th  Pound Pounds/Square Inch x 10 
0 157 
0.062 
0.189 
0.215 
0.253 
0.327 
0.375 
0.164 
13.4 
13.0 
16.5 
13.4 
9.8 
22.2 
14.9 
16.7 
* Sample prepared from teachings  of U.S. Pa ten t  3,044,888 
Houze Glass 
** Sample prepared from teachings  of U.S. Pa t en t  3,122,277 
(BeO)  Owens-Corning 
All samples prepared,  melted,  f i b e r i z e d  and t e s t e d  i n  
i d e n t i c a l  procedures.  
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